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A B S T R A C T
This study reports the in vitro cytotoxic effect of biologically synthesized silver and gold nanoparticles
against MDA-MB-231, human breast cancer cells. Formation of silver and gold nanoparticles was
observed within 30min and the various characterization techniques such as UV–vis spectrophotometer,
FE-SEM, TEM and XRD studies were conﬁrmed the synthesis of nanoparticles. Further, MTT, acridine
orange and ethidium bromide (AO/EB) dual staining, caspase-3 and DNA fragmentation assays were
carried out using various concentrations of silver and gold nanoparticles ranging from 1 to 100mg/ml. At
100mg/ml concentration, the plant extract derived nanoparticles exhibited signiﬁcant cytotoxic effects
and the apoptotic features were conﬁrmed through caspase-3 activation and DNA fragmentation assays.
Thus, the results of the present study indicate that biologically synthesized silver and gold nanoparticles
might be used to treat breast cancer; however, it necessitates clinical studies to ascertain their potential
as anticancer agents.
ã 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction
Over the past few years, synthesis and characterization of
nanoparticles has gained increasing momentum due to their large
surface area to volume ratio because of which nanoparticles exhibit
novelandnewpropertiesthantheirmacroscopiccounterparts.Thus,
nanotechnology has immense potential to revolutionize in the
biomedical research by developing new and improved products for
clinical diagnosis and therapy. Several noble metal nanoparticles
suchas silver, gold, copperandplatinumwerewidely synthesizedby
employing various procedures including physical, chemical and
biological methods. The physical and chemical routes of nano-
particles preparation have many disadvantages and are not eco-
friendly. Hence, researchers across the globe have searched for new
and environmentally benign methods for the synthesis of biocom-
patible nanoparticles [29].
Incidentally, biological systems have long been known to reduce
metal ions into nano-sized particles [7] and many researchers have
recently reported the biogenic synthesis of silver and gold nano-
particles using awide rangeofbiological resources likebacteria [37],
fungi [30,10]andplants [12,2]. Intheplantmediatedgreenchemistry
approach, the reduction rate of metal salts is very fast and the
procedure itself requires no speciﬁc conditions unlike the physical
and chemical methods [29,32]. Besides, this biogenic method of
nanoparticles synthesis appears tobereproducibleand theparticles,
producedthroughthisenvironmentally friendlyapproach,are found
highlystable [24].Hence, thisonepotgreenchemistryprocedurehas
attracted theattentionofbiologistsandnanotechnologists inmyriad
ways and is recently emerged as one of the active areas of current
nanobiotechnological research.
Breast cancer is the second leading cause of cancer death among
women in the U.S. An estimated 39,620 breast cancer deaths and
232,340 new cases are expected among women in 2013 [5]. This
data shows an increase of 100 breast cancer deaths and 1860 new
cases compared to the previous report published in 2011 [4]. The
existing cytotoxic agents used for the breast cancer treatment are
found to be expensive and inefﬁcient because they induce severe
side effects due to their toxicity in noncancerous tissues [26,43].
Therefore, it is of urgent need to develop novel therapeutic agents
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that are biocompatible and cost-effective. In recent times,
nanotechnology based products such as nano-dresses, nano-
cars, skin creams, tennis rackets and balls have been increasingly
introduced into the global market. To date, as many as 1628 nano-
based products are being extensively used for various purposes
throughout the world [34]. Inorganic nanoparticles have already
been utilized in wound healing and in antibacterial applications
[13].
Nowadays, silver and gold nanoparticles are emerging as
promising agents for cancer therapy. The anticancer activities of
nano-sized silver and gold particles have been evaluated against a
variety of human cancer cells. However, very few reports were
available against the breast cancer cells and most of these studies
have mainly used chemically made nanoparticles [21,8,14].
Currently, there has only been a limited data existence for the
cytotoxic effects of biologically synthesized silver and gold
nanoparticles against human breast cancer cells [17,41]. The major
objective of this work is to evaluate the cytotoxic effect of
biosynthesized silver and gold nanoparticles against human breast
cancer cell line. Our group has for the ﬁrst time reported the
biogenic synthesis of silver nanoparticles fromAcalypha indica Linn
leaves extract [28]. In continuation of this study, we screened the
same plant for its ability to biosynthesize gold nanoparticles.
Further, the cytotoxic effects of both silver and gold nanoparticles
were tested against MDA-MB-231 cells by MTT assay and the
possible mechanism for cell death was addressed through acridine
orange and ethidiumbromide (AO/EB) dual staining, caspase-3 and
DNA fragmentation assays.
2. Materials and methods
2.1. Materials
Silver nitrate (AgNO3) and chloroaurate (HAuCl4) were pur-
chased from Hi Media Laboratories Pvt. Ltd. Mumbai, India. MTT
was obtained from Invitrogen, USA and acridine orange, ethidium
bromide and all other ﬁne chemicals were obtained from Sigma–
Aldrich, St. Louis, USA. The fresh and healthy leaves of A. indica
were collected from the Guindy campus of University of Madras,
Chennai, India.
2.2. Preparation of leaves extract for nanoparticles biosynthesis
Ten grams of freshly collected A. indica leaves were surface
cleaned with running tap water followed by distilled water and
boiled in 100ml of distilled water at 60 C for 5min. Then, the
extract was ﬁltered and used for the biogenic synthesis of both
silver and gold nanoparticles.
2.3. Biogenic synthesis and characterization of silver nanoparticles
The biogenic synthesis of silver and gold nanoparticles was
performed according to the standard published procedure with
slight modiﬁcations [9]. The methods for the biosynthesis and
characterization of silver nanoparticles from the leaves extract of A.
indica were given in our previously published paper [28].
2.4. Biogenic synthesis and characterization of gold nanoparticles
For gold nanoparticles biosynthesis, 1mMHAuCl4 was added to
the broth containing 36ml of leaf extract and 64ml of distilled
water at neutral pH. After this, the solutionwas kept at 37 C under
static condition. Simultaneously, a control setup was maintained
without adding HAuCl4. The pinkish violet colour formed after the
addition of HAuCl4 was characterized using UV–vis spectropho-
tometer (BeckmanDU-20 Spectrophotometer) in the range of 200–
700nm. Further, the reaction mixture was subjected to centrifu-
gation at 75,000 g for 30min and the resulting pellet was
dissolved in deionized water and ﬁltered through Millipore ﬁlter
(0.45mm). An aliquot of this ﬁltrate containing gold nanoparticles
was used for FE–SEM (Field Emission–Scanning Electron Micros-
copy), TEM (Transmission Electron Microscopy) and XRD (X-Ray
Diffraction) analyses. For electron microscopic studies, 25ml of
sample was sputter coated on copper stub and the size as well as
shape of the gold nanoparticles was studied using FE-SEM and
TEM. For XRD studies, dried gold nanoparticles were coated on
XRD grid and the spectra were recorded by using Philips PW
1830 X-Ray generators operated at a voltage of 40kV and a current
of 30mA with Cu Ka1 radiation.
2.5. Cell culture
Human breast cancer cells (MDA-MB-231) were procured from
National Centre for Cell Science, Pune, India. The cell lines were
grown as a monolayer in Roswell Park Memorial Institute medium
(RPMI) supplementedwith 10% fetal bovine serum (FBS), penicillin/
streptomycin(250U/ml),gentamycin(100mg/ml)andamphotericin
B (1mg/ml) and incubated at 37 C in a humidiﬁedatmosphere of 5%
CO2. Cells were grown conﬂuence for 24h before use.
2.6. MTT assay
To determine the cytotoxic effect of both silver and gold
nanoparticles, cell viability study was done with the conventional
MTT-reduction assay with slight modiﬁcations [27]. Brieﬂy, MDA-
MB-231 cells were seeded in a 96-well plate at the density of
5103 cells/well. The cells were allowed to attach and were
grown in a 96-well plate for 24h, in 200ml of RPMI with 10% FBS.
After that the media was removed and replaced with suspension
of various concentrations of AgNO3, HAuCl4, silver nanoparticles
and gold nanoparticles viz., 1, 10, 50 and 100mg/ml (minimum
3 wells were seeded with each concentration). Equal concen-
trations of A. indica leaves extract were used as positive control
and the cells were incubated for 48h. After the addition of MTT
(10ml, 5mg/ml), the cells were incubated at 37 C for another 4h.
Optical density of the formazan product was read at 495nm using
scanning multi well spectrophotometer. The results were given as
mean of three independent experiments.
2.7. Acridine orange/ethidium bromide dual staining
Acridine orange/ethidium bromide (AO/EB) dual staining was
carried out to detect the morphological evidence of apoptosis in
silver and gold nanoparticles treated cells. Twenty ﬁve microliters
of treated and untreated cell suspension (5106 cells/mL) was
stainedwith 1ml of acridine orange and ethidiumbromide dyemix
(100mg/ml of acridine orange and ethidium bromide prepared in
PBS separately) [42]. Then the samples were examined under
ﬂuorescent microscopy (Nikon Eclipse TS 100).
2.8. Capase-3 assay
Caspase-3 assay was carried out according to the procedure of
Sutter et al. (2003) with slight modiﬁcation [39]. The activity of
caspase-3 was calculated from the cleavage of ﬂuorogenic
substrate Ac-DEVD-AMC (acetyl Asp-Glu-Val-Asp 7-amido-4-
methylcoumarin). After 24, 36 and 48h of incubation, silver
and gold nanoparticles treated cell lysates were incubated with
substrate solution (caspase-3 substrate Ac-DEVD-AMC 20mg/ml,
HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid)
20mM, glycerol 10%, dithiotheritol 2mM, pH 7.5) for 1 h at
37 C and the cleavage of caspase-3 substrate was measured at an
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excitation wavelength of 390nm and an emission wavelength of
460nm. The activity was expressed as relative ﬂuorescence unit
(RFU).
2.9. DNA fragmentation assay
To investigate the internucleosomal DNA fragmentation caused
by both silver and gold nanoparticles, DNA laddering assay was
performed according to the standard procedure described by Su
et al. (2005)with littlemodiﬁcation [38]. A total of 1106 cellswas
treated with silver and gold nanoparticles (100mg/ml) for 48h and
then collected by centrifugation. Further, the DNA was isolated
using commercially available kit (Genei, Bangalore, India) follow-
ing the manufacturer’s instructions. DNA was resolved on 1.5%
agarose gel (containing 3mg/ml of ethidium bromide in 1TAE
buffer of pH 8.5) at 90V for 1.5 h and the bands were visualized
using UV transilluminator.
3. Results
In this present study, gold nanoparticles were rapidly
synthesized using A. indica leaves extract as bio-reductants.
Similar to silver nanoparticles formation, the bio-reduction of
HAuCl4 into gold nanoparticles was completed within 30min of
incubation.
3.1. Biogenic synthesis and characterization of gold nanoparticles
The very ﬁrst indication for nanoparticles formation is colour
change. A clear pinkish violet colour was formed within 30min
when 1mMHAuCl4 was added into the aqueous leaves extract of A.
indica,which indicates the biogenic synthesis of gold nanoparticles
(Fig. 1). The intensity of pinkish violet colour was increased with
the incubation period and it was due to the excitation of surface
plasmon vibrations. On the other hand, control (leaf extract alone)
showed no change of colour (Fig.1). Very recently, Karuppaiya et al.
(2013) have reported that the aqueous extract ofDysosma pleiantha
rhizome rapidly biosynthesized gold nanoparticles within 20min
[25]. A characteristic absorption peak at 540nm further conﬁrmed
the formation of nano-sized gold particles (Fig. 2). The formation of
gold nanoparticles was started at 15min and was completed at
30min. Interestingly, the peak was found to be stable at the same
wave length for up to 1h, indicating that phytochemicals may have
stabilized the synthesized gold nanoparticles (Fig. 2). Fig. 3a and b
depict digitalized FE–SEM and TEM images of biosynthesized gold
nanoparticles, respectively. These two images showed spherical
shaped gold nanoparticles with a size of less than 30nm. XRD
analysis showed three distinct diffraction peaks at 38.1, 44.1 and
64.1 which indexed the planes 111, 2 0 0 and 220 of the cubic
face-centred gold. The obtained data was matched well with the
Joint Committee on Powder Diffraction Standards (JCPDS) ﬁle no.
04–0784, which suggest the crystalline nature of gold nano-
particles (Fig. 4).
3.2. Cytotoxic activity of biologically synthesized silver and gold
nanoparticles against MDA-MB-231 cells
The biogenic silver and gold nanoparticles were tested for their
potent cytotoxic activity against MDA-MB-231, breast cancer cells.
The results of themechanistic studies indicated that silver and gold
nanoparticles induced apoptosis through caspase-3 activation and
DNA fragmentation.
3.2.1. Determination of cell viability by MTT assay
Different concentrations of AgNO3, HAuCl4, silver nanoparticles,
gold nanoparticles and plant extract ranging from 1 to 100mg/ml
wereusedtostudytheviabilityofMDA-MB-231cellsandthetoxicity
was measured. Interestingly, HAuCl4, AgNO3 and A. indica leaves
extract (positive control) treated cells did not show much toxic
effects in all the tested concentrations; AgNO3 treated tumour cells
[(Fig._1)TD$FIG]
Fig. 1. Reaction of aqueous A. indica leaves extract with 1mMHAuCl4 solution. (a) Leaves extract alone; (b) pinkish violet colour formation after the addition of 1mMHAuCl4
solution at 30min of incubation.
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showed more than 60% viable cells at 100mg/ml concentration
(Fig. 5). Gold nanoparticles treated MDA-MB-231 cells exhibited
slightly higher toxic effects than the silver nanoparticles at 1,10 and
50mg/ml concentrations; whereas, at 100mg/ml concentration,
both silver and gold nanoparticles showed comparatively higher
toxic effects (40%) than the other treated cells (Fig. 5). The results of
this study suggest that the cytotoxicity of biologically synthesized
silver and gold nanoparticles was increased with the increasing
concentration of nanoparticles.
3.2.2. Morphological evidence of apoptosis by dual staining (AO/EB)
Apoptoticmorphological changes caused by both silver and gold
nanoparticleswerestudiedusingacridineorange/ethidiumbromide
differential stainingmethod. The stained cellswere characterized to
viable (light green), early apoptotic (bright green ﬂuorescence and
condensed chromatin), late apoptotic (orange ﬂuorescence) and
nonviable cells (red coloured ﬂuorescence) (Fig. 6a–f). Both silver
and gold nanoparticles treated cells showed condensed nuclei,
membrane blebbing and apoptotic bodies. In contrast, the control
cells showed intact nuclear architecture. However, very few
apoptotic bodies were noticed in AgNO3 and HAuCl4 treated cells.
3.2.3. Caspase-3 assay
To investigate whether apoptosis is mediated by caspase-3, cell
lysates treated with AgNO3, HAuCl4, silver nanoparticles, gold
nanoparticles and plant extract were analysed. Levels of caspase-
3werefoundtobeelevatedinthesilvernanoparticlestreatedtumour
cells (Fig. 7). Plant extract treated cells exhibited slightly higher
activity compared to gold nanoparticles treated ones. However,
AgNO3,HAuCl4, treatedcellsshowedmuchloweractivity (Fig.7).The
elevated level of caspase-3was, further, conﬁrmedbymeasuring the
proteolytic activity of the ﬂuorogenic peptide Ac-DEVD-AMC, a
caspase-3speciﬁcsubstrateanditsactivitywasfoundtobehighestat
48h. The increased levels of caspase-3 activation suggest that silver
and gold nanoparticles induce apoptosis in MDA-MB-231 breast
cancer cells in a caspase-3-dependent manner.
3.2.4. DNA fragmentation assay
To investigate whether biologically synthesized nanoparticles
induced cell death via apoptosis, DNA laddering assay was
[(Fig._2)TD$FIG]
Fig. 2. UV–vis spectra recorded for gold nanoparticles at different time intervals.
The formation of gold nanoparticles was started within 15min (b) and the reaction
[(Fig._3)TD$FIG]
Fig. 3. (a) FE-SEM image of biogenic gold nanoparticles showing spherical shapes;
(b) TEM image of spherical shaped gold nanoparticles with an average size of
20–30nm (Scale bar =50nm).
[(Fig._4)TD$FIG]
Fig. 4. XRD pattern of biosynthesized gold nanoparticles index at (111), (2 0 0) and
(220) exhibiting the facets of crystalline gold.
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performed on agarose gel. A clear fragmented DNA ladders were
observed in both silver and gold nanoparticles treated MDA-MB-
231 cells whereas AgNO3 and HAuCl4 treated cells did not show
such clear fragmented DNA ladders (Fig. 8). In addition, the
untreated (control) cells did not show any prominent DNA ladders
on the agarose gel. Therefore, the data obtained from this study
conﬁrms that both silver and gold nanoparticles induced cell death
through apoptosis.
4. Discussions
In the recent years, biosynthesis of silver nanoparticles using
plant extracts is getting more popular due to the strong
antibacterial action of zerovalent silver and easy reduction of
silver (I) salts. In our earlier study, silver nanoparticles were
biosynthesized using aqueous leaves extract of A. indica as
reducing and capping agents and those results were brieﬂy
discussed here [28]. The formation of silver nanoparticles was very
rapid and it was completed within 30min. The peak at 420nm
conﬁrmed the biogenic synthesis of silver nanoparticles from A.
indica leaves extract. Similarly, Jeyaraj et al. (2013) have recently
reported that Podophyllum hexandrum leaves extract effectively
synthesized silver nanoparticles at 420nm [22]. Further, High
Resolution – Transmission Electron Microscopy (HR-TEM) analysis
conﬁrmed the biosynthesis and the synthesized silver nano-
particles were predominantly in spherical shapewith uniform size
[(Fig._5)TD$FIG]
Fig. 5. Cytotoxic effects of biosynthesized silver and gold nanoparticles. MDA-MB-231 cells were treated with HAuCl4, AgNO3, plant extract, silver nanoparticles, gold
nanoparticles for 48h and the cell viability was determined byMTTassay. Data representmean SD of three independent experiments. (a) Cells exposedwith HAucl4 did not
show much toxic effect; (b) cells exposed with AgNO3 shows more than 60% of viable cells; (c) cells exposed with plant extract did not show much toxic effect; (d) cells
exposed with silver nanoparticles; (e) and gold nanoparticles at 100mg/ml conc. shows almost 40% of cell toxicity; (f) solvent control.
[(Fig._6)TD$FIG]
Fig. 6. Morphological evidence of apoptosis by AO/EB dual staining. Fluorescent microscopic images of MDA-MB-231 human breast cancer cells treated with (a) untreated
cells; (b) cells treated with aqueous leaves extract of A. indica shows intact morphology; (c) few apoptotic cells observed in AgNO3; (d) HAuCl4 treated cells; (e) cells treated
with gold nanoparticles and (f) silver nanoparticles shows apoptotic bodies and fragmented nuclei.
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ranging from 20–30nm. The XRD spectrum of biosynthesized
silver nanoparticles was matched well with the JCPDS ﬁle no.
04–0783, which indicates the crystalline nature of face-centred
cubic silver. These results were in good agreement with the recent
reports.
Interestingly, both silver and gold nanoparticles were formed
within 30min due to the rapid reduction of silver and chloroaurate
ions by A. indica leaves extract. In contrast, Elavazhagan and
Arunachalam (2011) have reported that Memecylon edule leaves
extract took 1h for the biosynthesis of gold nanoparticles while it
was 3h for silver [12]. However, in some studies, much faster rate
of biosynthesis of silver and gold nanoparticles was observed. For
instance, Dubey et al. (2010) have rapidly synthesized both silver
and gold nanoparticles within 15min from Sorbus aucuparia leaves
extract [11]. Recently, Gangula et al. (2011) have reported that
Breynia rhamnoides stem extract rapidly biosynthesized both silver
and gold nanoparticles approximately 7min and this is the much
faster reduction process reported for the ﬁrst time [16]. It is clear
from these studies that the plant extract mediated biosynthesis is
very simple, fast, low cost involvement, eco-friendly and safe for
human therapeutic use [29,19]. Thus, this biogenic method of
nanoparticles synthesis has much reduced impact to the environ-
ment and is recently emerged as viable alternative to conventional
physical, chemical and even microbial methods.
Silver and gold nanoparticles are being extensively synthesized
using plant extracts, although the exact mechanism for this
biogenic synthesis still remains to be completely unknown.
However, a few hypotheses have been proposed to give some
insights on the mechanical aspects of nanoparticles biosynthesis.
Recent studies have shown that biomolecules such as protein,
phenol and ﬂavonoids present in the plant extract play an
important role in the reduction of metals ions and capping of
the nanoparticles [40]. Although the reduction of metal salts is
environmentally benign, it is chemically a complex phenomenon
involving an array of plant compounds such as vitamins, enzymes/
proteins, organic acids such as citrates, amino acids and
polysaccharides [1]. The preliminary phytochemical screening of
secondary metabolites has clearly revealed the presence of
glucosides, ﬂavonoids, phenolic compounds, alkaloids and carbo-
hydrates in the leaves extract of A. indica (data not shown). We
strongly believe that glucosides may be responsible for the bio-
reduction of both silver and chloroaurate ions. However, biosyn-
thetic products or reduced cofactorsmay also play a key role in the
reduction of respective salts to nanoparticles.
In this present study, the cytotoxicity of silver and gold
nanoparticles was increased with the increasing concentration of
nanoparticles. This statement is true particularly in the case of
MCF-7, another human breast cancer cell, which showed 100% cell
[(Fig._8)TD$FIG]
Fig. 8. Effect of metal nanoparticles on DNA fragmentation assay to investigate
whether nanoparticles induced cell death via apoptosis. Cellswere exposedwith (a)
HAucl4; (b) gold nanoparticles; (c) AgNO3; (d) silver nanoparticles; (e) untreated
cells for 48h and the isolated DNA content were separated on agarose gel.
[(Fig._7)TD$FIG]
Fig. 7. Metal nanoparticles induced apoptosis in MDA-MB-231 breast cancer cells via caspase-3. Cells treated with (a) untreated cells; (b) aqueous leaves extract of A.indica;
(c) gold nanoparticles; (d) silver nanoparticles; (e) HAucl4; (f) AgNO3. The caspase activity was found to be highest at 48h for silver nanoparticles and gold nanoparticles
treated cells at the same time increased activity was shown in plant leaves extract treated cells due to the presence of phytochemicals and the values were represented as
mean SD of three independent experiments of three replicates.
C. Krishnaraj et al. / Biotechnology Reports 4 (2014) 42–49 47
death at 50mg/ml concentrations of silver nanoparticles [23]. On
the contrary, the mushroom derived silver nanoparticles showed
signiﬁcant cytotoxicity against MDA-MB-231 cell lines at compar-
atively low concentration (6mg/ml) [17]. The results of the present
study suggest that silver and gold nanoparticles reduced the
viability of MDA-MB-231 cells in a dose dependent manner. Based
on these studies, it is here speculated that the cytotoxicity of
nanoparticles is relied much on the nature of cell types and size of
particles. Many researchers have also drawn similar conclusion
[17,33].
Apoptosis is broadly considered as a distinctive mode of
programmed cell death that eliminates genetically determined
cells [15]. The induction of apoptosis is conﬁrmed by two factors,
(1) reduced and shrunken cells and (2) DNA fragmentation [36]. In
this study, silver and gold nanoparticles treated cells showed
apoptotic features such as condensed nuclei, membrane blebbing
and apoptotic bodies at 48h and these morphological changes
were evident through AO/EB dual staining. Adding strengthen to
the fact, silver and gold nanoparticles treated MDA-MB-231 cells
showed clear fragmentedDNA ladders, suggesting that cell death is
due to apoptosis.
In general, the fragmented DNA ladders indicate late apoptotic
process in which caspase-3 plays a pivotal role [3,20]. The earlier
studies have demonstrated that caspase-3 cascade activation is
responsible for several apoptotic mechanisms [18]. Thus, it is
obvious that DNA fragmentation and caspase-3 activation medi-
ate the apoptotic process. In this present study, silver and gold
nanoparticles treated MDA-MB-231 cells showed increased levels
of caspase-3, indicating that apoptosis is mediated through
caspase-3 cascade. These ﬁndings were coincided with the
previous reports [17]. Caspase-3 activation may be initiated
either through extrinsic pathway or intrinsic pathway due to the
presence of toxicants in the surrounding environment [15,6]. In
addition, caspase cascade activation is also reported to occur
through the activation of granzyme B or death receptor or
apoptosome [31]. In this study, although the silver nitrate caused
cell toxicity was observed and the plant extract also up-regulated
caspase-3 activity, however, only the gold and silver nano-
particles induced cell toxicity were speciﬁcally associated with all
the observations of apoptosis including caspase-3 activity, AO/EB
staining and DNA fragmentation.
Apoptosis inducing agents that speciﬁcally target the tumour
cells might have the potential to be developed as new anti-
tumour drugs since apoptotic cell death does not induce an
inﬂammatory response. The anti-inﬂammatory property of A.
indica leaves extract was previously well studied [35]. As expected,
both silver and gold nanoparticles biosynthesized from A. indica
leaves extract did not show any inﬂammatory response, suggest-
ing that nanoparticles targeted only the tumour cells. Based on the
results obtained from these studies, it is quite apparent that
biologically synthesized silver and gold nanoparticles have better
therapeutic potentials than the reported chemically synthesized
nanoparticles. Therefore, it might be worthwhile to explore the
biosynthesized nanoparticles as a possible source of novel
anticancer drugs.
5. Conclusions
In this present study, silver and gold nanoparticles were rapidly
synthesized using aqueous leaves extract of A. indica as novel
source of bio-reductants. This single step procedure appears to be
suitable for large scale production as it is simple, faster, cost-
effective, environmentally benign and safe for clinical research.
Further, the plant extract derived nanoparticles exhibited strong
cytotoxic effects against MDA-MB-231 cells, which suggest that
biologically synthesized silver and gold nanoparticles might be
used as novel anticancer agents for the treatment of breast cancer.
However, the fate, transport and accumulation of nanoparticles
inside the human body must be thoroughly studied prior to the
approval to use as anticancer drug.
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